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INJECTORSWITHA 2W-POUND-THRUST

AMMONIA-OXYGENENGINE*

ByRichardJ.PriemandBruce

SUl@URY

J. Clark

Characteristicexhaustvelocitywasmeasuredfora smallrangeof
mixtureratioswithfourdifferentinjectors.Performancesofparallel-
sheet,like-on-like,andtripletinjectorswereaboutthesame,buta
parallel-jetinjectorhada muchlowerperformance.Performancevalues
forammonia-oxygenwereslightlylowerthanforheptane-oxygen.Screaming
operationwasnotobservedwithanyof theinjectors.

INTRODUCTION

Recentexperimentalinvestigations,references1 to 3, haveshown
thatatomizationandmixingofpropellantsisveryimportantforobtaining
msximumengineperformanceforenginesusingvariouscombinationsof
heptane,hydrogen,oxygen,andoxygen-fluorinemixturesaspropellants.
Theinvestigationoftheeffectofatomizationandmixingwasextended

. inthisstudyto includeammoniaas a propellantto determineifthe
resultsof thepreviousinvestigationswouldalsoapplytoan ammonia-

$ oxygenrocketengine.Threeinjectorswereselectedfromthoseusedin
references1 to3 toprovide:(a)minimummixingandatomization,(b)
atomizationwithoutmixing,and(c)mixingwithatomization.Thesein-
jectorsweretheparalleljet,parallelsheet,andtriplet,respectively.
Testswerealsomadewitha like-on-likeinjector,similarto thatof
reference4. Thelike-on-likeinjectoratomizedthefuelby iqpinging
twojetsandatomizedtheoxidantby theuseof verysmallholes.

APPARATUSANDPROCEDURE

RocketInstallation

Therocketengineconsistedof injector,chamber,andconvergent
* nozzleinseparableunits.Chambers2 inchesindiameterand3 or8 inches

longwereused.Thecontractionratioof theenginewas6.4. Theengine

.
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wassparkignitedandhadabouta 3-secondrunduration.Oxygente~era- ,
turewasmaintainedconstantat -320°F by a liquid-nitrogenbath. The
ammoniainjectiontemperaturewasbetween54°and80°F.

Injectors

InJectorssimilarto thoseusedinreferences1 to 4
(fig.1). Theinjectionvelocityofthefuelwas90 feet

weretested
persecondand *

of theoxidantwas60feetpersecond,thesameas usedinreference1. “

Thisrequireda changeintheoxidantholesizefromO.Ill-inchdiameter G

to0.086-inchdiameteras showninfigure1,becauseofthedifferencein
thestoichiometricweight-flowratiosforheptane-oxygenandamaonia-
oxygen.Thedesigninjectorpressuredropforan oxidant-to-fuelweight
ratioof 1.30was100poundspersquareinch.

Chaniberpressurewas
per-square-inchrecording

Instrumentalion —

measuredat theinJectorfacewitha 500-pound- —
Bourdontubeinstrument.Volumetricflowrates

weremeasuredwithrotating-vane-typemeters.Thetemperaturesof the
flowingpropellantsandcoolantweremeasuredwiththermocouples.Re-

—

producibilityofmeasurementswaswithin*1 percent.

RESULTS

Thecharacteristicexhaustvelocityc* wasdeterminedforoxi~nt-
to-fuelweightratiosbetween1.1and1.5andisreportedas a percentage
of thetheoreticalperformanceat theoperatingmixtureratio
(characteristic-exhaust-velocityefficiency).Theoreticalequilibrium ~
performanceforammonia-oxygenat 300poundspersquareinchof chamber
pressureisshowninfigure2. TheresultssummarizedintableI are —“
thearithmeticaverageoffiveormorerunsforeachin~ectorandchauiber
length.Theresultsof theheptane-oxygeninvestigationreportedin
reference1 arealsoincludedintableI forcomparisonpurposes.

—
—

Parallel-JetInjector

Thecharacteristic-exhaust-velocityefficiencywas35.5percentin
an 8-inchchamber.ThisInjector,describedinreference1 asproducing
nomixingoratomization,forheptane-liquidoxygenhadan efficiencyof
39.5percent.
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Parallel-SheetInjector.

Thecharacteristic-exhaust-velocityefficiencieswiththeparallel-
sheetinjectorwere72.8and83.6in3-inchand8-inchcha?ibers,respec-
tively.Usinga parallel-sheetinjectortoatomizebothpropellants
increasedcharacteristic-exhaust-velocityefficiency48percentagepoints
abovethenonatomtzingparallel-jetinjectorinan 8-inchchamber.For
theheptane- liquid-oxygenenginetheefficienciesreportedinreference
1 were71.5and81.5for3-inchand8-inchchambers,respectively.
Atomizingbothpropellantswithparallelsheetsina heptane- liquid-
oxygenengineincreasedperformance42percentagepointsabovethenon-
atomizingparallel-jetinjectorinan 8-inchchamber.

Like-On-LikeInjector

Thecharacteristic-exhaust-velocityefficiencieswere69.9and83.3
percentfor3-inchand8-inchchauibers,respectively.Thisinjectorgave
72.3and83.6percentperformanceswithheptane-liquidoxygen.

TripletInjector

Theperformancesof thisinjectorwere76.2and81.2percentfor3-
inchand8-inchchambers,respectively.Withheptane-oxygentheperform-
anceswere82.3and91.6percentforchamberlengthsof 3 and8 inches,
respectively.Therelativelypoorerperformanceof thetripletinjector
withammonia-oxygenisattributableto thesmallerquantttyof oxygen
impingingagainstthefuelwithammonia-oxygen.Atomizingandmixingthe
armuoniaandoxygenwiththisinjectorincreasedperformance45percentage

. pointsabovethenonatomizingornonmixingparallel-jetinjectorinan
8-inchchamber.Withheptane-oxygenthetripletinjectorincreased

!, performance52percentagepointsabovetheparallel-jetinjectorforan
-- 8-inchchamber.Forheptane-oxygen,atomizingandmixingthepropellants

witha tripletinjectorincreasedperformance10percentagepointsabove
theatomizingbutnonmixingparallel-sheetinjector.However,with-1
ammonia-oxygenthetripletinjectordecreasedperformanceby Z$percent-
agepointsbelowthatoftheparallel-sheetinjectorin sn8-inchchsmber.

Summaryof InjectorPerformance

Theaverageratioofperformancewithammonia-oxygentoperformance
withheptane-oxygenwas0.96forallinjectorsandchambers,indicating
thattheprinciplesobservedwithheptane-oxygenforimprovingperformance

m alsoapplytoanammonia-oxygenengine.Deviationsfromthisaverage
forparticularinjectorsand

~’

chamberlengthswerelessthsn@.8.
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Instabilities. - Screamingoperationwasnotencounteredduringthis
investigation.Thisisincontrasttotheresultsreportedinreference
1 wherethetripletinjectorwasveryunstableinan 8-inchchamberand
theparallel-sheetandparallel-jetinjectorsoccasionallyscreamed.

.

Starting.- Startsweresmoothwithnonoticeabledetonationswith
a l-secondoxidantlead.Reducingtheoxidantleadresultedinextremely
hardstartsorno ignition.

Heattransfer.- Over-allheat-transferratesweremeasuredwithan
8-inchwater-cooledengine.Theresultswere:

.—m
I Ammonia- Ifquidoxygen I
Parallel-jet 0.21
Parallel-sheet .21
Like-on-like .48
Triplet .77 —-

Heptane- liquidoxygen
Like-on-like 0.54

SUMMARYOFRESULTS
—

An investigationof differentinjectiontechniquesfora nominal
200-pound-thrust,ammonia-oxygenrocketenginehasindicatedthefollowing
results:

1.Parallel-jetinJectorshada muchlowerperformancethanparallel-
sheet,like-on-like,or tripletinjectors.

2.Theperformancevaluesoftheammonia-oxygenenginewitheach
injectorwerenearlythesameas thoseofa heptane-oxygenengine.

3.Screamingoccurredlesswith
heptane-oxygenengine.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteefor

Cleveland,Ohio,August5,

theamiuouia-oxygenthanwiththe

Aeronautics
1957

,1



NACARM E57H01 5

REFERENCES.
1.Heidmann,M. F.,andAuble,C.M.: InjectionPrinciplesfromCombustion

Studiesina 2~-Pound-ThrustRocketEngineUsingLiquidOxygenand
Heptane.NAC!ARME55C22,1955.

al*
% 2.Auble,CarmenM.: A Studyof InjectionProcessesforLiquidOxygen

andGaseousHydrogenina 2CX3-Pound-ThrustRocketEngine.NACARM
E56125a,1957.

3.Eeidmann,M.F.: A Studyof InjectionProcessesfor15-Percent
Fluorine- 85-PercentOxygenandHeptaneina 200-Pound-Thrust
RocketEngine.NACARME56Jll,1957.

4. Heidmann,M.F.: PropellantVaporizationas a CriterionforRocket-
EngineDesign;ExperimentalEffectofFuelTemperatureonLiquid-
Oxygen- HeptanePerformance.NACARME57E03,1957.

.

--



— —.

TABLE I - SUMMARY OF PEW3PWNCE DATA

Injector Chamber Heptane - liquid oxygen Ammonia - liquid oxygen Relative performance of

length? Ch&r=ter- Characteristic- Ammonia - liquid o~gen
in. istic exhaust- istic exhaust- Heptane - liquid oxygen

exhaust velocity effi- exhau6t velocity effi-
velocity, cIency velocity, ciency

C* C*

Parallel 8 a2350 39.5 2060 35.5 0.898
jet

Pexallel 3 a4250 71.5 4220 72.8 1.018
sheet 8 Eb4850 81.5 4850 83.6 1.025

Like-ou- 3 4502 72.3 4054 69.9 0.966
H&e 8 4970 83.6 4a38 83.3 .996

TMplet 3 ‘%900 82.3 4427 ‘76.2 0.927
8 a5450 91.6 4330 81.2 .886

Average performance,
0.960

‘%ef. 1.

I
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A Oxidant,
0.086”diam.

o=,,
0.116”diam.

(a)ParallelJets.

7

/rFuel,
O.q’a” dim.

(b)Parallelsheets.

A Cxidant=
0.066”diam.

(c)Triplet.

Figure1.- InJectors.
.
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0.0320”dlam.
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.

SectionA-A

(d)Like-on-like.

Figure1.- Concluded.Injectors.

.

“w-



* * , 4q8 9 “

C#

,0

5E10G

u
al

2

*; 5700

$
d
u
s
al

: 56CCJ /

~

1

$!

j 55c0
~

+J

g

5400
.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6

Oxidant-fuelweight ratio

Figure 2. - Theoreticalequilibriumperformanceof ammonia-oxygenat 300 pounds per
square inch.
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